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@ Cyclodextrin complexation. 

(g) The invention provides a method for enhanc- 
ing the complexation of a cyclodextrin with a 
lipophilic and/or water-labile drug, comprising 
combining from about 0.1 to about 70% 
(weight/volume) of a cyclodextrin and from ab- 
out 0.001 to about 5% (weight/volume) of a 
pharmaceuticatty acceptable, pharmacologi- 
cally inactive, water-soluble polymer in an 
aqueous medium, the polymer and cyclodextrin 
being dissolved in the aqueous medium before 
the drug Is added, the aqueous medium which 
comprises the polymer and cyclodextrin being 
maintained at from about 30 to about 150°C for 
a period of from about 0.1 to about 100 hours 
before, during and/or after the drug is added, 
optionally followed by removal of water. Related 
methods, co-complexes of drug/cyctodext- 
rin/polymer, pharmaceutical compositions and 
cydodextrln/polymer complexing agents are 
also provided. Analogous methods, co- 
complexes and compositions in which the drug 
is replaced with a food additive, cosmetic addi- 
tive or agrochemical are also described. 
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Field of the Invention 

The present invention relates to the use of certain polymers in the preparation of cyclodextrin-drug conv 
plexes as a means for increasing the solubilizing and stabilizing effects of cyclodextnn denvatives on drugs, 
and complexation therewith. Pharmaceutical compositions comprising complexes prepared according to these 
methorare characterized by fast and efficient drug release. The invention further relates to rx>lymerAcyclo. 
dextrin complexing agents. Still further, the invention relates to use of the polymers to increase the solubiiizing 
SstabLng effects of cydodextrins on food additives, agrochemicals and chemicals used in cosmebcs. and 
complexation therewith. 

Background of the Invention 

Formulation of pharmaceutical dosage forms is frequently hampered by the poor aqueous solubnUy and 
stability of the drugs, which in turn can severely limit their therapeutic application Also, the slow d.ssolujon 
7soSstate drug formulations and the side-effects of some drugs result from the,r poor aqueous solubiMy. 
Drug degradation products, formed in the pharmaceutical dosage forms, can also result .n severe side-effects. 
Sas^g drug slbilrty and stability through appropriate formulation can. thus, lead to ina-eased therapeutic 
efHdency of the drug. Various methods have been used to increase the solubility and stabDity of drugs, such 
i the u?e Of organ' solvents, emulsions, liposomes and micelles, adjustments of pH and the dielectric con- 
stant of the solvent system, chemical modifications, and complexation of the drugs with appropnate complex- 
Sg agents, e.g. cydodextrins. Similar approaches have been taken to increase the solubilrty and stability of 
food additives, agrochemicals and cosmetic additives. , ^ _ » , „ta,^h 

Cydodextrins were first isolated by Villiers in 1891 as a digest of BacWus a'^X^^f f °" P°*«»°/^"f 
fsee Villiers: Sur la fermentation de la fecule par faction du ferment butyrique. C.R. Acad Sa., 1« 536- 
538 (1 891)1. but the foundations of cyclodextrin chemistry were laid down by Schardinger in the penod 1903- 
1911 [see for example. F. Schardinger Uber thermophile Bacterien aus verschiedenen Spe.sen und Milch, 
sowie ube'reinige Umsetzungsproducte darselben in kohlenhydrathaltigen Nahrlosungen. darunter krystaHi- 
PoJsaSaride (Dextrine) aus Starke. Z. Unter.. Nahr. Genuam.. 6. 865-880 (1903)] and much of the 
o derlitetrre refers tocyCodextrins as Schardinger's dextrins. Until 1 970. only small amounts f -y-'o^^'J"- 
could be produced in the laboratory and the high production cost prevented the usage of cydodextrins in in- 
dustry In recent years, dramatic improvements in cydodextrin production and purification have been achieved 
and the cydodextrins have become much cheaper. This has made industrial application of cydodextrins pos- 

^""cydodextrins are cydic digosaccharides with hydroxyl groups on the outer surface and a void cavity in 
the center. Their outer surface is hydrophilic. and therefore they are usually soluble in water, but the cavity 
has a lipophilic character. The most common cydodextrins are a-cydodextrin. ^cyclodextrin and rcyc'ode>^- 
trin. consisting of 6. 7 and 8 a.1.4-linked glucose units, respectively. The number of these units determines 

SdodlxwTare capable of forming indusion complexes with a wide variety of hydrophobic molecules 
by taking up a whole molecule, or some part of it. into the cavity. The stabnity of the complex formed depends 
on how well the guest molecule fits into the cydodextrin cavity. Common cydodextnn derivatives are formed 
by alkylation (e.g. methyl- and ethyl-p-cydodextrin) or hydroxyalkylation of the hydroxyl groups (e.g. hydrox- 
ypropyl- and hydroxyethyl-derivatives of a-. and y-cydodextrin) or substituting the pnmary hydroxy 
groups with Jccharides (e.g. glucosyl- and maltosyl-p-cydodextrin). 

preparation by propylene oxide addition to p-cvdodextrin. and Mroxyethy^-^cydodexUin and rts p e^^^^^^ 
by ethylene oxide addition to |i-cydodextrin. were described in a patent of Gramera ef a (United States Patent 
No 3 459 731. issued August 1 969) over 20 years ago. For a comprehensive review of cydodextnns see Cy- 
dodextrins and their industrial uses, editor Dominique Duchene. EdiUons de Sant6. Paris^ 1987. F«J a mo^ 
recent overview, see J. Szejtii: Cydodextrins in drug formulations: P«'V\ ,T J|, iB-i^MSV 
50 M991V and J Szejtii: Cydodextrins in drug formulations: Part II. Pharm. Tecttn. Int 3(3). 16-24 (19»T). 

Numerous reports have been published with respect to the solubiiizing effects of cydodextnns. The gen- 
eral procedure described in these reports for preparing aqueous cydodextrin solutions ^°"t«'""\9 ;'ar.ous 
drugs is as follows: An excess amount of the drug is added to an aqueous cydodextnn solution and the sus- 
pension formed is agitated for up to one week at room temperature. Then the suspension is filtered or centrif- 
« uged to form a dear drug-cydodextrin complex solution. For the preparation of solid formulatons of the drug- 
cvdodextrin complex, the water is removed from the aqueous drug-cydodextrin complex solution by evapor- 
So^^nT motion evkporator. in a spray dryer or by lyophilization. Pitha (Josef Pitha Ad"^-f 
hormones in the form of hydrophilic cydodextrin derivatives. United States Patent No. 4.596.795. «sued June 
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24 1986) describes inclusion complexes of sex hormones, particularly testosterone progesterone, and esfra- 
diol with specific cydodextrins. preferably hydroxy propyl-p-cyclodextnn and poly-p-cyclodextnn The com- 
p exes enable the sex hormones to be successfully delivered to the systemic circulation v.a the subl.ngual or 
buS route. In another patent (Josef PItha: Pharmaceutical preparations contammg cyclodextnn denvabves 
united States Patent No 4.727.064. issued February 23. 1988) Pitha describes formulabons of a number of 
drugs with various cydodextrin derivatives, mainly hydroxypropyl-p-cyclodextrin but also hydroxypropyl-y-cy- 
clodexWn In a series of patents (N.S. Bodor Improvements in redox systems for brain-targeted drug delivery. 
United states Patent No 5.002.935, issued March 26. 1991; N.S. Bodor: Pharmaceutical formulations for par- 
enteral use. United States Patent No. 4.983.586. issued January 8. 1991 ; N.S. Bodor. Redox sys^ms fo.bra.n- 
tergeted drug delivery. United States Patent No. 5.017.566. issued May 21. 1991; and N.S. Bodon Pharrna- 
ceSformulations f^r parenteral use. United States Patent No. 5.024,998. issued June 8. 1991) Bodor 
desSes formulations of a number of drugs with hydroxypropyl hydroxyethyl. glucosyK -altosyi jnd ma^^ 
friosyl derivatives of p- and y-cydodextrin. Also. Brauns and Muller (U. Brauns and B W.W Muller. Pharma- 
Sche P^parate von in Wasser schwerloslichen oder instabilen Arznelstoften und Verfahren zu Ihrer Her- 
JeCng European Patent No.: 0 149 197 B1 dated March 21. 1990) have described formulations of drugs with 
various B-cyclodextrin derivatives, mainly hydroxypropyl-p-cydodextrin. The solub.lizing and steb^.zing ef- 
feS of hyS^oxypropyl-p-cydodextrin on drugs have been reviewed by T. Lof tsson. M.E. Brewster. H. Derendorf 
an?N^dS: aVdroxypropyl^ Properties and usage in pharmaceutical formulations. Pharm. 

illlSoJirprtparin^^^^^^^^ complexes have been described by Hi^yama and Uekam^ Hir- 

avama and K Uekama: Methods of investigating and preparing inclusion compounds. In: D. Dudiene (edrtor), 
Cycrdexls and their industrial uses. Editions de Sant6. Paris. 1987. pp. 133-1721. In solution, the dru^ 
^diextrin complexes are prepared by the simple method described above and the complexadon evah^ted 
by determinaUon of stability constants by a solubility method, a kinetic method, a f P^^^°«^°P'^ "^^^^^^^ " 
some other analytical method. On a laboratory scale, solid drug-cydodextrin complexes are usually formed 
byrophilization of drug-cyclodextrin complex solution, but on an industrial scale, other methods are also used 
such as he kneading meLd. spray-drying, copredpitation. neutralization and '""^"^^^ 
these methods are water-soluble pharmaceutical polymers, or other polymers in general, used for enhancing 
the drug-cydodextrin complexation. 

There are few samples of formation of drug-cydodextrin complexes by hea^ng. Thus Hassan etaUnt. 
J Pharm 58 19-24 (1990). prepared a famotidine-p-cydodextrin complex by adding the drug to aqueous p- 

cydodextrin ;dution heating the mixture under reflux for 1 hour and then stirring it at room te-P^-'"-^^^^^ 
days The solution which formed was concentrated by evaporation under vacuum and the precipitate which 
forr^ed was filtered and dried under vacuum at 50=0. In a series of artides. Naka, et al. describe how they 
r^aTe cydodextrin indusion complexes by heating ground mixtures of physical mixtures to 60 to 1 30=C in sealed 
rontaine^See Nakai Bt al.. Cham. Pharm. Bull. 35(11).4609-4615 (1987); Nakai at a,., Chem^Pharm.Bull. 
37 W 10^5-1058 (1989); Nakai et al., Cham. Pharm. Bull. 38(3). 728-732 (1990); Nakai et a'-. C/,en,. Pharm 
Bt/tf 38(5) 1345-1348 ( 990); and Nakai at al.. Cham Pharm. Bull. 39(6). 1532-1535 (1991). Finally. Schmidt 
fntwa er'lE^chmidt and h'g. Maier. Thermostabile Bindung von Aromastoffen an Starke. Te.l 2: Bindung 
von Me thll durch Autoklavieren. Slarch/StSrka. 39(6). 203-207 (1987)] describe formation of thermostable 
bling Of menthd to various types of starches, including p-cydodexlrin. by autodaving. In n^^^^^^^ 
mentioned artides are starches, or other polymers, used to enhance complexation of drugs by cydodextrins. 

Due to the negative enthalpy of cyclodextnn complexation. the solubility enhancement of drugs by aqu- 
eous cydodextrin solutions is generally larger at low temperature than 'l^^^'^'^^'l^J^^^ 
N Bodor Effeds of 2-hydroxypropyl-P-cydodextrin on the aqueous solubility of drugs and transdermal dehv 
ery of 17p-estradid.yic/a Pharm. Nord.. 1(4). 185-193 (1989)J. Also, additwes such 

saL. surfadants and organic solvents (e.g. ethanol) usually reduce the sdubilizing effects of cydodextrins. 
Summary and Objects of the Invention 

one obiedof the present invention is to provide a method for enhandng the complexation of cydodextrins 
with lipophilic and/or water-labile drugs, food additives, cosmetic additives and agrochemicals 

Another object of the invention is to provide a method for increasing the sdubilizing and stabilizing e fecte 
of cydodextrins on drugs which are insoluble or sparingly soluble or unstable in wat r. and on food additives, 
cosmetic additives and agrochemicals which are insoluble or sparingly soluble or unstable in water. 

Tn^herobjedof the invention is to provide novel co-complexes of drugs, cydodextrins and selectedpofy- 
mers and of food additives, cosmetic additives and agrochemicals. with cydodextnns and seleded pdyrne^ 
Yet another object of the invention is to provide pharmaceutical compositions comprising novel drug com- 
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Diexes as well as analogous food, cosmetic and agricultural compositions. 

Still another object of the invention is to provide a novel complexing agent for use in solubilcing and/or 
stabilizing a lipophilic and/or water-labile drug, food additive, cosmetic additive or agrochemical. 

In accord with these and other objects, the present invention provides the following: 

(1) A method for enhancing the complexation of a cydodextrin wfth a lipophilic and/or water-labile drug 
comprising combining from about 0.1 to about 70% (weight/volume) of cydodextrin and from about 0.001 
to about 5% (weight/volume), preferably from about 0.01 to about 0.5% (we.ght^olume). of a pharmaceut- 
ically acceptable, pharmacologically inactive, water-sduble polymer with a hpophihc and^or water-labHe 
drug in an aqueous medium to form a drug complex, the polymer and cydodextnn being dissdved m the 
aqueous medium before the drug is added, and the aqueous medium being maintained at from about 30 
to about 150"C for a period of from about 0.1 to about 100 hours before, during and/or after the drug is 
added, optionally followed by removal of waten 

(2) A method for solubflizing and/or stabilizing a lipophflic and/or water-labile drug in an aqueous medium 
comprising complexing the drug in an aqueous medium with from about 01 to about 70% (we'9';t'^^^^^^ 
of cydodextrin and from about 0.001 to about 5% (weight/vdume). preferably from about 0.01 to about 
0 5% (weight/volume), of a pharmaceutically acceptable, pharmacdogically inactive, water-sduble poly- 
mer the ^lymer and cydodextrin being dissolved in the aqueous medium before the drug is added and 
The aqueous medium being maintained at from about 30 to about 150-C for a penod of from about 0.1 to 
about 100 hours before, during and/or after the drug is added; 

(31 A co-complex of a lipophilic and/or water-labile drug with a cydodextrin and a pharmaceutically accept- 
able pharmacologically inactive, water-soluble pdymer. the ratio by weight of cydodextrin to polymer be- 
ing from about 4:1 to about 50.000:1. preferably from about 100:1 to about 10.000:1; 

(4) A pharmaceutical composition comprising: . , w, ^ 

(a) a drug complex prepared by complexing. in an aqueous medium, a lipophil.c and/or water-lab.le drug 
with from about 0.1 to about 70% (weight/volume) of cydodextrin in the presence of from about 0.001 
to about 5% (weight/volume), preferably from about 0.01 to about 0.5% weight/vdume. of a pharma- 
ceutically acceptable, pharmacologically inactive, water-sduble polymer, the pdymer and cydodextnn 
being dissolved in the aqueous medium before the drug is added, and the aqueous medium bemg main- 
tained at from about 30 to about 150»C for a period of from about 0.1 to about 100 hours before, dunng 
and/or after the drug is added, optionally followed by removal of water; and 

(b) a non-toxic, pharmaceutically acceptable carrier therefor; 

(5) A pharmaceutical composition comprising: ^ . ^ w fv^iu, 
(a) a co-complex of a lipophilic and/or water-labile drug with a cydodextrin and a pharmaceut.cally ac- 
ceptable, pharmacologically inactive, water-sduble pdymer, the ratio by weight of cydodextrin to poly- 
mer being from about 4:1 to about 50,000:1 ; preferably from about 100:1 to about 10.000:1; and 

ih) a non-toxic, pharmaceutically acceptable carrier therefor; and 

(6) A complexing agent for use in solubilizing and/or stabilizing a lipophilic and/or water-labile drug, com- 
prising a cydodextrin and a pharmaceutically acceptable, pharmacologically inactive, water-sduble poly- 
mer theratioby weight of cydodextrin to polymer being from about 4:1 to about 50,000:1. preferably from 
about 100-1 to about 10,000:1 , said complexing agent being formed by heating the cydodextrin and po^ 
mer in an aqueous medium at from about 30 to about ISO-C for a period of from about 0.1 to about 100 

Th^'^resent invention further provides methods and compositions analogous to those "sled above, b 
which the lipophilic and/or water-sduble drug is replaced by a lipophilic and/or water-sduble food additive, cos- 
metic additive or agrochemical. 

Brief Description of the Drawings 

Other objects and advantages of the present invention will be apparentfrom the following detailed descrip- 

Fig ^tZot^'e^^il^^^^^ in -9/n.l. in aqueous 10% HP^CD (2-hydtoxyp,opy.- 

B-cvdodextrin) MS 0.6 sdution containing varying amounts of PVP (polyvinylpyrrolidone); . . 
Fiq 2 is a series of plots depicting the dissolution prof fle of hydrocortisbne from tablets containing hydro- 
corlisone-HPpCD complex: A. 0% (w/v) CMC; ♦ . 0.1% (w/v) CMC; o. 0.25% (w/v) CMC; and 
Fig. 3 is a pair of plots illustrating the effect of 1 % (w/v) acetazdamide eye drop solution on the 'ntraocular 
pressure (lOP) of normolensive. conscious, albino rabbits, wherein the right eye received the drug (O) and 
the left eye was the control (□). 
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Detailed D scription f th Invention and Pr ferred Embodiments 

Here and throughout this description, the following definitions are applicable: 

The term "lipophilic" is used herein to describe drugs {orfood additives or cosmetic addith/es or agrochem- 
icals) which are lipld*soluble and hydrophobic, i.e. which are insoluble or sparingly soluble in water. 

The term "water-labile" is used herein to describe drugs (or food additives or cosmetic additives or agro- 
chemicals) which are unstable in water. 

Cyclodextrins for use in the present Invention include the natural cyclodextrins and their derivatives, in- 
cluding the all<ylated and hydroxyalkylated derivatives and the branched cyclodextrins. Cyclodextrins and their 
derivatives which have been previously described as useful for complexatlon with drugs are of particular in- 
terest herein. In addition to a-, p- and y-cyclodextrins, the ether and mixed ether derivatives and those deriv- 
atives bearing sugar residues are of special interest. Especially useful herein are the hydroxyethyl, hydroxy- 
propyl (including 2- and 3-hydroxypropyl) and dihydroxypropyl ethers, their corresponding mixed ethers and 
further mixed ethers with methyl or ethyl groups, such as methylhydroxyethyl, ethyl- hydroxyethyl and elhyl- 
hydroxypropyl ethers of a-,p- and y-cyclodextrin; and the maltosyl, glucosyl and maltotriosyl derivatives of a. 
P- and y-cyclodextrin, which may contain one or more sugar residues, e.g. glucosyl or diglucosyl, maltosyl or 
dimaltosyl, as well as various mixtures thereof, e.g. a mixture of maltosyl and dimaltosyl derivatives. Specific 
cyclodextrin derivatives for use herein include hydroxypropyl-p-cydodextrin, hydroxyethyl-p-cyclodextrin, hy- 
droxypropyl-y-cyclodexlrin, hydroxyethyl-y-cyclodextrin, dihydroxypropyl-p-cyclodextrin . glucosyl-a-cyclo- 
dextrin, glucosyl-p-cyclodextrin, diglucosyl-p-cyclodextrin, maltosyl-a-cydodextrin, maltosyl-p-cyclodextrin , 
maltosyl-y-cyclodextrin, maltotrlosyl-p-cyclodextrin, maltotriosyl-y-cyclodextrin and dimaltosyl-p-cyclodextrin , 
and mixtures thereof such as maltosyl-p-cyclodextrin/dimaltosyl-p-cyclodextrin, as well as methyl-p-cyclodex- 
trln. Procedures for preparing such cyclodextrin derivatives are well-known, for example, from Bodor United 
States Patent No. 5.024.998 dated June 18, 1991. and references cited therein. Particularly preferred cyclo- 
dextrins for use in the present invention are hydroxy propyl, hydroxyethyl. dihydroxypropyl, glucosyl and mal- 
tosyl derivatives of a-, p- and y-cyclodextrin, and their mixtures, especially those having a molar degree of sub- 
stitution of from about 0.05 to about 10. The expression "molar degree of substitution" is used in the same sense 
as employed in Brauns and Muller European Patent No. 0149197 81. 

Suitable polymers for use herein are those which are soluble in water, are acceptable for use in pharma- 
ceuticals and are pharmacologically inactive. Such polymers are well-known excipients commonly used in the 
field of pharmaceutical formulations. [See, for example. Remington's Pharmaceutical Sciences, 18th edition, 
Alfonso R. Gennaro (editor), Mack Publishing Company, Easton, PA, 1990, pp. 291-294; Alfred Martin, James 
Swarbrick and Arthur Commarata. Physical Pharmacy. Physical Chemical Principles in Pharmaceutical Sen 
ences, 3rd edition. Lea & Febinger, Philadelphia. PA. 1983. pp. 592-838; A.T. Florence and D. Altwood, Phys- 
icochemical Principles of Pharmacy. 2nd edition, MacMillan Press, London, 1988, pp. 281-334.] Suitable poly- 
mers include water-soluble natural polymers, water-soluble semi-synthetic polymers (such as the water-solu- 
ble derivatives of cellulose) and water-soluble synthetic polymers. The natural polymers include polysacchar- 
ides such as inulin, pectins, algin derivatives (e.g. sodium alginate) and agar, and polypeptides such as casein 
and gelatin. The semi-synthetic polymers include cellulose derivatives such as methylcellulose, hydroxyethyl 
cellulose, hydroxypropyl cellulose, their mixed ethers such as hydroxypropyl methylcellulose and other mixed 
ethers such as hydroxyethyl elhylcellulose and hydroxypropyl ethylcellulose, hydroxypropyl methylcellulose 
phthalale and carboxymethylcellulose and its salts, especially sodium carboxymethylcellulose. The synthetic 
polymers include polyoxyethylene derivatives (polyethylene glycols) and polyvinyl derivatives (polyvinyl alco- 
hol, polyvinylpyrrolidone and polystyrene sulfonate) and various copolymers of acrylic acid (e.g. carbomer). 
Other natural, semi-synthetic and synthetic polymers not named here which meet the criteria of water solubility, 
pharmaceutical acceptability and pharmacological inactivity are likewise considered to be within the ambit of 
the present invention. Particularly preferred polymers for use herein are sodium carboxymethylcellulose. hy- 
droxypropyl methylcellulose and polyvinylpyrrolidone. 

Water-soluble polymers for use with drugs herein, as pointed out above, need to be pharmaceutically ac- 
ceptable and pharmacologically inactive. Generally speaking, such water-soluble polymers will also be accept- 
able for use with food additives, cosmetic additives and agrochemicals (agricultural chemicals), since the most 
stringent requirements are usually placed on pharmaceuticals, particularly for parenteral use. Conversely, 
however, a polymer which is not pharmaceutically acceptable could, for example, nevertheless be agriculturally 
acceptable, particularly for non-crop applications; such a polymer is intended for use herein in compositions 
with those non-drug materials, e.g. agrochemicals, which do not require pharmaceutical acceptability. Simi- 
larly, the water-soluble polymers for use with food and cosmetic additives need only be acceptable for use in 
foods and cosmetics. 

As lipophilic and/or water-labile food additives which are contemplated for use in the methods and com- 
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antioxidants, sweetening agents, and ^ agents- 1.^^^^^^^^^ ^ benzaldehyde. oil of 

aromatic flavoring oils such as lemon oB. c nnamon oil. °'! °J °" °' sweeteners such as aspartame and 
clove, oil of orange, oil of peppermint. Sarho o . on.on c» -^JJ^^^^^^^^^^^^^ 33 ^ethylparaben. pro- 
saccharin; colors soch as methyl yellow as ^^"f "f J^l^'j^'^^^^^^^^ as butylated hydroxyanisol. 
pylparaben. chlorbutol. benzoic acd ^^''^f/''^^^^^^^^ compositions of this invention. 

in the case of cosmetic ^^'^'^'^^^.^^"^^P^ of the^ame specif ic ingredients) noted above as 

n«ny of the same classes of ingredients ^'"^'"^"J ^^^.^^^^^^^^^^^ antioxidants, aro- 

food additives are intended. Illustrative classes of «=°f 'jf'^^^^^ J^^^^^^ Specific additives of interest 

matic oils (fragrances), coloring agents and -^^J^^^^^!^'^^ pfne o7 o! orgeranium. oS of rose, oil of sweet 

SyTrrrf=™^^ 

tion include pesticides (including for ^-^'"P^J"^^^;'^^^^^^^^^^ pentechlorophenol. mevinphos. 

growth regulators. Illustrative of such agrochem^ls are pesb^^^^^^^^ 4-chloro-3- 

^SL^.::^:::^^^ - .e-dich—n. 

K . f^r.H onH mc:metic additives, particularly flavors, fragrances and colors. 

in the methods and compositions of the P^^^J"^ '"^^^^^^^ contemplated for use in the methods and com- 
Among the lipophnic and/or ^^f^-'^^^^^^I^^^^^J^^^^^^^^^^^ (anticancer/anUtumor agents), sed- 

positions of the present invention, there can be anfivirals. antihistaminics. 

afives. anti-inflammatory steroids (glucocorticoids), t^^"^";'^^^' ^^^^^^iac gly^^ 
vitamins/nutritional factors, emetics. "T^^^^^^^^^ anabo/ic agents, vaso- 

steroidal analgesic ^nd/or anti^nf larmnatory agente (NSAID^^^^^^ antiprotozoals, anthelmintics, 

dilators, antidepressants, antipsychotics, hypnotics, f "^^""S^^^f^^^^^ 

anesthetics, vasoconstrictors, hypoglycemics -'•'>f ^^"^'^^.^^^^ anhydrase inhibi. 

guired Shape and size to f it .t least partially into the.av.W o ,an be improved 

::rmp=nttr™^^ 

antineoplastics such as '=^''°-'"'L""?::T"'''"^^^^ "n^I^capCnne t'bula^ carmofur. carmus- 

etoposide. semustine (methyl CCNUMazarab-ne (Ara-AC^^merc^to^^^^^ 

tine, amsacrine. doxorubicin, bruceantin. d.aziquone. d'^^'"'"'" hydrocortisone, triamcinolone, 

steroids such as betamethasone. 17a-ethynylestradiol 
triamcinolone acetonide. prednisone and prednBolone. progestins such as dimethis- 

(ethinylestradiol). ethynylestradtol 3-methyl ether, estrone, "^esh-and ^^^^^ " hSterone medroxyprogesterone 
lerone. norethindrone. --^►'•'"^-"VT 'rrote^'v^or^r^^^^^^^ 

acetate and progesterone; «"t'^°"^'t^"^V,^1^H Lc^^^ vTrtousrusl^ as hypnotics, anticonvulsants 
biturates such as pentobarbital, phenobarbital and seco^^^^^^^^^ 

and sedatives; anlivirals such as vidarabme ^J"!'" 33 ^ell as other fat-soluble vitamins 

such as retinol (vitamin A), vHamin A-acetate. f ^^f!? ^r^l^^^^^^^^^^ propSnolol and nadolol; emetics 
such as the E. D and ^^^"^'"^'1''^°^^^^ 

such as apomorphine: diuretics such as chlorthalidone. dicumarol; cardiotonics such 

spironolactone, an aldosterone -l^^-'^j^^^^^^^^^^^ as aspirin, ibuprofen. 

as digoxin and digitoxin; ^°^^'^'°''^^\''fl'^Zl J^^^^^ 
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bolic agents such as fluoxymesterone and methanstenolone; antidepressants such as sulpiride; antibiotics 
such as ampicillin and penicillin G; anti-infectives, such as benzalkonium chloride, cetylpyridiniunn chloride and 
chlorhexldine; coronary vasodilators such as nitroglycerin, flunarizine, lidoflazine and mioflazine; hypnotics 
such as etomidate; carbonic anhydrase inhibitors such as acetazolamide, chlorzolamide, ethoxzolamine. me- 
5 thazolamide, L-671, 152 and MK-927; antifungals such as imidazole-type antifungals, e.g. econazole, clotri- 
mazole, oxiconazole, bifonazole, metronidazole (metronidazole benzoate), fenticonazole, miconazole, sulco- 
nazole, tioconazole, isoconazole, butoconazole, ketoconazole. doconazole, parconazole, orconazole. valco- 
nazole and lombazole, and trizole-type antifungals, e.g. terconazole and itraconazole; antiprotozoals such as 
imidazole-type antiprotozoals, e.g. metronidazole, ornidazole, carnidazoie. ipronidazole. tinidazole and nimor- 
10 azole, and benzimidazole-type antifungals, e.g. flubendazole; Hz-antagonists, including those of the imidazole- 
type, e.g. burimamide, metiamide, cimetidine and oxmetidine; imidazole-type antineoplastics, such as tubula- 
zole.' a microtubule inhibitor; anthelmintic agents, including those of the benzimidazole-type, for example, thia- 
bendazole, oxibendazole, cambendazole, fenbendazole, flubendazole, albendazole and oxfendazole; antihls- 
taminics, including benzimidazoles such as astemizole, piperidines such as levocabastine and piperazines 
15 such as flunarizine, oxatomlde and cinnarizine; antipsychotics, including those of the piperidine-type such as 
fluspirilene, pimozide and penf luridole; gastrointestinal agents, including piperidine derivatives such as loper- 
amide and cisapride; serotonin antagonists, for example those of the piperidine-type such as ketanserin, rl- 
tanserin and altanserin. and those of the piperazine-type such as mianserin (also an antihistaminic); anesthet- 
ics such as lidocaine; hypoglycemics such as acetohexamide; anti-emetics such as dimenhydrinate; antibac- 
20 terials such as co-trimoxazole; dopaminergic agents such as L-DOPA; anti-Alzheimer's agents such as THA; 
famotidine, an anti-ulcer agent/Hrantagonist; benzodiazepines, for example chlordiazepoxide, diazepam, 
medazepam, oxazepam, lorazepam, f lunitrazepam, estazolam, f lurazepam, loprazolam, lormetazepam, nitra- 
zepam, quazepam, temazepam and triazolam, variously useful as sedatives, hypnotics, anticonvulsants, tran- 
quilizers and muscle relaxants; and prostaglandins, for example PGE's such as PGE, (alprostadil), a vasodl- 
25 lator, and PGI2 (prostacyclin or epoprostenol), a platelet inhibitor. 

In one particularly preferred aspect of the present invention, the drug contemplated for use herein is a 
carbonic anhydrase inhibitor, especially acetazolamide. 

In another preferred aspect of the invention, the drug contemplated for use herein is a steroid, particularly 
an anti-inflammatory steroid (glucocorticoid), or a steroidal estrogen, progestin, anabolic agent, androgen, 
30 anesthetic/hypnotic or diuretlc/aldosterone antagonist. 

In another preferred aspect of the invention, the drug contemplated for use herein is a benzodiazepine 
sedative or an a nti- infective agent. 

In yet another preferred aspect of the invention, the drug contemplated for use herein is the reduced, di- 
hydropyridine form of a dihydropyridine v:± pyridinium salt redox system for brain-targeted drug delivery. 
35 With respect to the redox system for bra in- targe ted drug delivery, the following definitions are applicable: 

The term "lipoidal" is Intended to designate a redox moiety which is lipid-soluble or lipophilic. 
The terms "redox carrier system" and "redox analog system" are intended to designate two different ap- 
proaches to targeting drugs to the brain using a dihydropyridine *=t pyridinium salt system; compounds repre- 
senting either of these approaches are contemplated for use in the present invention. 
40 The redox carrier system provides for brain-targeted drug delivery by means of carrier-drugs, which in 

their reduced form, which is the form intended for administration, can be represented by the formula 

[D-DHC] 

wherein [D] is a centrally acting drug species and [DHC] is the reduced, biooxidizable, blood-brain barrier pene- 
trating, lipoidal form of a dihydropyridine ^ pyridinium salt redox carrier. In their oxidized form, which is the 
45 form "locked" in the brain from which the active drug is ultimately released, the carrier-drugs can be repre- 
sented by the formula 

[D-QCr X- 

wherein X' is the anion of a non-toxic pharmaceutically acceptable acid. [D] Is a centrally acting drug species 
and [QCr is the hydrophilic, ionic pyridinium salt form of a dihydropyridine pyridinium salt redox carrier. The 

50 various redox approaches are now well-known, having been described in many patents and literature articles; 
the originator of the redox technology, Nicholas S. Bodor, has also described the use of cyclodextrin derivatives 
in conjunction with the reduced, dihydropyridine forms of the redox systems, e.g. in Bodor United States Pa- 
tents No. 4,983,586; 5,002,935; 5,017,566; and 5.024,998. While th redox systems for use herein can be any 
of those defined in the Bodor patents, those in which the centrally acting drug species and redox carriers are 

55 indicated in the Bodor patents as being preferred are likewise preferred for use herein. Thus, preferred redox 
carrier compounds of the formula p-DHC) are those in which [D], the centrally acting drug species, is a do- 
paminergic agent, an androgenic agent, an anticonvulsant, an anxiolytic agent, a neurotransmitter, an antibiotic 
or antibacterial agent, an antidepressant, an antiviral agent, an anticancer or antitumor agent, an anti- 
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SmorAr dihydrop>Jdin 

"''°'"?Sr3-N-l3Kbenzy.oxycarbony.)propy.lcarbamoy^^ l-methy-MN-P'-cy- 
dohexy1carJyl)propy.lhcarbamoy.-1.4-dihydmpyndine.whic^^ 

1-melhvi-3-r2'-(2"-propyl)pentanoyloxy]ethylcarbamoyl-1 ,4-dihydropyndine, 
pyOpenta^orxylet^^^^^^^ A-dlhydropyridine and i-l2'-(2"-propy.)pentanoy.oxy]ethyl-3-carboxa- 

methy|/3 {tTr e\ Jxycarbo^yl)-2X4- 

XdtT;ethy.-3-pyridiny.)carbony.loxy^ I2S-(2a. 5a .^P)^^^^^-^;^^ 'o'w. 
dinyl)oarbony.]oxy]m^^^^^ 

carboxam.dol-3.3-d.methyl-7 t»^o-4 i aza J l ' 6-dichlorophenyl>-5-methyl-4-isoxazolecarboxa- 

UN ^lu. I ai. y — ii.(iihvdro-5H-dibenz[b,qazepin-5-yl)]propyl-N-methyl- 

^tS-i^^^^^^^^ ,hich is a denvatve of acy- 

3X1.4-dihydro-1-rnelhyl-3-pyridmylcarbonyl)-5'-pivaloyltrifluoro-thymidine. which is a derivative of tri- 
''""°'3'^^"kdeoxy-5H1-n^thyl-1.4-dihydro-3-pyridinyl)-^^^ ,3 3 derivative of zi- 

''°'^'N^Sroethyl)-NM4-(1.4-dihydro-1-methyl-3-pyridinecarbonylo^^^ 

f.nornJ?hS> N- [241 4 dihydro-1-methyl^ ^"^ N-(2-ch oroethyl)- 

•H nl Treihvl r(r^{ir4-{4-nbs(2-chloroethyl)lamin 
pyndme 1-methyl-3-(N-{4 14 t4 UD^^ phenyi)butanoyloxylpropyl})carbamoyll- 

hydropyrK..ne. 1-methy^^ 
^tbaS^yd^^^^^^^^^^^^ 

4.die~riW^ 

3 2^dtone which are derivatives of dexamethasone and hydrocortisone, respectwely; ^. ^ . ^„ ^ 

3.20-d.one. wh,ch^a^^^^^^ ^h.ch .s an es- 



tradiol derivative; 
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3-hydroxy-1 7JV{I1 -methyi-1 ,4-dihydropyridin-3-yI)carbonyl]oxy}-1 9-nor-1 7a-pregna-1 ,3,5(1 0)-trien-20-yne, 
3-[(1-melhy!-1.4-dihydro-3-pyridinyI)carbonyloxy]estra-1,3,5(10)-trien-17-one, 17p-[(1-methyM,4-dihydro-3^ 
pyridlnyl)carbonyloxy]estra-1, 3,5(1 0)-trien-3-o! 3-methyl ether, 3,17p-bis-{I(1-methyl-1,4-dihydropyridln-3. 
yl)carbonyl)oxy}estra-1.3,5(10)-triene. 3-(phenylcarbonyloxy)-17p-{[(1 -methyl- 1,4-dihydropyrjdin-3-yl)carbo- 
5 nyl]oxy}estra-1 ,3,5(1 0)-triene and 3-methoxy-17p-{I1-methyl-1.4- dihydropyridin-3-yl)carbonylloxy}.19-nor- 
17a-pregna-1, 3,5(1 0)-trlen-20-yne, which are derivatives of ethinyl estradiol, estrone, estradiol 3-methyl ether, 
estradiol, estradiol benzoate and mestranol, respectively; 

17p-{[(1-methyl-1,4-dihydropyrldin-3-yl)carbonyl]oxy}-19-norpregn-4-en-20-yn-3-one, 17p-{[(1 -me- 
thyl- 1,4-dihydropyridin-3-yl)carbonyl]oxy)pregn-4-en-20-yn-3-one, 13-ethyl-17p-{[(1-methyM,4-dihydropyri- 
10 dm-3-yl)carbonyl]oxy}-1 8, 1 9-dinorpregn-4-en-20-yn-3.one and 1 7p-{[( 1 -met hy I- 1 ,4-dihydropyridin.3-yj)carbo- 
nyI]oxy}-19-norpregn-5(10)-en-20-yn-3-one. which are derivatives of norethindrone, ethisterone. norgestrel 
and norethynodrel, respectively; 

1-rnethyl-3-[N-(2-{1-(p-chlorobenzoyl)-5-methoxy-2-methyl-3-indolyl]aceloxy}ethyl)carbamoyl]-1,4-dlhy- 
dropyridlne and 1-methyl-3-{N-[2-(6-methoxy-a-methyl-2-naphthalenylacetoxy)ethyl]carbamoyl-1,4-dihydro- 

15 pyridine, which are derivatives of indomethacin and naproxen, respectively; and 

3-(1 .4-dihydro-1-methyl-3-pyridinylcarbonyloxymethyl)-5-fluorouracil and 1-(1 .4-dihydro-1-methyl-3- 
pyridinecarbonyloxymethyl)-5-fluorouracil. which are derivatives of 5-FU (5-fluorouracil). 

In the discussion that follows, the particulars of the present Invention are discussed with respect to drugs. 
It is to be understood, however, that except where the discussion focuses on matters which are obviously 

20 unique to drugs (such as bioavailability), the particulars are the same when a food additive, cosmetic additive 
or agrochemical is used instead of a drug herein. 

Quite surprisingly, it has now been found that is possible to increase the effects of cyclodextrin complex- 
ation by adding small amounts of water-soluble, pharmaceutically acceptable, pharmacologically inactive poly- 
mers to aqueous cyclodextrin/drug solutions and then heating the solutions for some time. Typically, the poly- 

25 mer is dissolved in an aqueous solution of the cyclodextrin, or both polymer and cyclodextrin are dissolved in 
water, and then the drug is added. The cyclodextrin concentration can range from about 0.1 to 70% wA^ and 
the polymer concentration from about 0.001 to about 5% w/v, preferably from about 0.01 to about 0.5% w/v, 
in the original solution. The polymer, cyclodextrin weight ratio can range from about 1:4 to about 1:50,000, but 
is usually from about 1:1 00 to about 1:1 0,000. that is, 1 part of polymer to 100 to 10,000 parts of cyclodextrin, 

30 and is even more preferably from about 1 :500-5,000. i.e. 1 part of polymer to from 500 to 5,000 parts of cyclo- 
dextrin. Since maximum complexatbn is ordinarily desired, the drug is usually added in excess. The drug may 
be dissolved in the cyclodextrin/polymer solution before, during and/or after the cyclodextrin solution has been 
kept at from about 30 to about 150°C for a period of from about 0.1 to aboutlOO hours. Optionally, the polymer 
and cyclodextrin can be combined In aqueous solution, with heating at the temperature and for the time indi- 

35 cated in the preceding sentence and dried (preferably lyophilized) to give a cyclodextrin/polymer combination 
complexing agent. That complexing agent can subsequently be combined in aqueous solution with the drug, 
with or without heating for the time and at the temperature indicated above. Whatever the manner of preparing 
the drug/cyclodextrin/polymer aqueous solution, said solution can optionally be dried in accord with methods 
which are known ^er se. Depending on the drug employed, acid or base may be added to the cydodextrin/poly- 

^ mer/drug solution during preparation. 

As will be apparent from the Examples hereinafter, one can readily determine the concentration at which 
a given water-soluble polymer exerts a maximum solubilizing/stabilizing/complexing effect on a given drug and 
a given cyclodextrin in aqueous medium. It is generally disadvantageous to use a significant amount of polymer 
in excess of that needed to achieve the maximum effect Excess polymer can actually decrease the desired 

45 solubilizing/stabilizing/complexing effect, and can tend to increase the viscosity of the aqueous medium in 
which complexation occurs. The amount of polymer used should be sufficient to enhance stabilization/solubll- 
ization/complexation, but insufficient to cause a significant Increase in viscosity upon heating. Increase in vis- 
cosity to a gel-like or near gel-like stage should be avoided when carrying out the stabilization/solubillza- 
tion/complexation processes of the invention. Obviously, once the process has been completed, the resultant 

50 mixture can be made more viscous if desired in the pharmaceutical or other compositions provided by the pres- 
ent invention. 

Aqueous solutions of cyclodexlrins and polymers prepared in accord with the present invention have a 
greater solubilizing and stabilizing effect on lipophilic and/or water-labile drugs than cyclodextrin solutions 
made by simply dissolving cyclodextrins in water or aqueous buffer solutions. The water-soluble pharmaceut- 
55 leal polymers increase the solubilizing effect of the cydodextrins and, thus, make it possible to reduce the 
amount of cydodextrin which will be present In the pharmaceutical composition ultimately administered. Aqu- 
eous cyclodextrin drug formulations containing water-soluble pharmaceutical polymers are characterized by 
fast and efficient drug release, which can result in a more rapid onset of the desired therapeutic response and 
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Example 1 

Solubilities(S)ofvariousdrugsinfourdifferentsolventsM.e.(a)water(S0.(b)aqueous0.25»^^^^^^^ 
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10% (w/v) HPpCD MS = 0.6 (S4) were determined by adding an excess amount of the drug to be tested to the 
solvents and heating the suspensions formed in sealed containers to 120^C. The suspensions were kept at 
this temperature for 20 minutes and then allowed to equBibrate for 3 days at room temperature (approximately 
23«C). After equOibration, aliquots were filtered through 0.45 ^m membrane fflters, diluted with a mixture of 
methanol and water (7:3 v/v) and analyzed by an high pressure liquid chromatographic (HPLC) method. The 
results set forth in Table 1 show that the solubilizing effect of HPpCD was Increased by 4 to 57% (S4/S3 = 
1.04 to 1.57) when 0.25% CMC was present in the solution. 
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Example 2 

The effect of increasing CMC concentration on the solubility of three drugs in aqueous 10% (w/v) HPpCD 
MS = 0.9 solution was also determined under the same condition as in ExampI 1 . The results are shown 
in Table 2. 
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Example 3 

The effect of heating on the solubBization of hydrocortisone in aqueous solution containing 10% (w^) 
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HPpCD MS = 0.6 and 0.25% (w/v) CMC was investigated as follows: An excess amount of hydrocortisone was 
added to the solution and the suspension which was formed was heated to 120°C in a sealed container. The 
suspension was kept at this temperature for (a) 20. (b) 40. (c) 60 and (d) 80 minutes. At each time point, an 
aliquot of the suspension was removed and allowed to equilibrate for 3 days at room temperature (approxi- 
5 mately 23°C). After equilibration, each aliquot was filtered through a 0.45 membrane filter, diluted with a 
mixture of methanol and water (7:3 v/v) and analyzed by HPLC. The results in Table 3 show that the solubilizing 
effect of the HPpCD-CMC mixture increases with increasing duration of heating. 
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Example 4 



Part A 



The effect of polyvinylpyrrolidone (PVR) of molecular weight 360.000 on drug-cydodextrin complexation 
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was investigated by delermining the phase-solubility diagrams of hydrocortisone in aqueous 2-hydroxypropyI- 
P-cyclodextrin (HPpCD) of molar substitution (MS) 0.6 solutions and calculating the stability constant (Kc) for 
the complex from the slope and the solubility (S^) of hydrocortisone in water (1x10-^ moWiter). 

Kc = slope X (SoX(1-slope))-i 

5 An excess amount of the drug was added to water containing from 0 to 0.7% (w/v) PVP and varying 

amounts of HPpCD. The suspensions which formed were heated In sealed containers to 120^C and kept at 
that temperature for 22 minutes. After equilibration for at least three days at room temperature (approximately 
22**C), aliquots of the suspensions were removed from the containers and each aliquot was filtered through a 
0.45 \xm membrane filter and analyzed by HPLC. The solubility of the drug was determined at least three times 

10 at each HPpCD and PVP concentration, and the slope of the phase-solubility diagram was determined by linear 
regression of the mean solubility versus HPpCD concentration values in mole per liter. The correlation coef- 
ficient (corr.) was calculated for each linear regression. The results are shown in Table A below. 
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The results in Table A show that H was possible to obtain over 40% -ncrease^Cat O.W^W^^ 



in Kc by addition of PVP. The increase was 
addition of PVP. 



concentration dependent and decreased somewhat upon further 
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«,hon thP effect of PVP on the solubilization of hydrocortisone by 
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HPpCD MS 0.6 solutions containing from 0 to 0,4% (w/v) PVP (molecular weight 360,000). An excess amount 
of hydrocortisone was added to the aqu ous 10% HPpCD solutions and the suspensions which formed were 
heated in sealed containers to 120°C and kept at that temperature for 22 minutes. After equilibration for at least 
three days at room temperature (approximately 22^C). aliquots of the suspensions were removed from the con- 

5 tainers and each aliquot was filtered through a 0.45 ^m membrane filter and analyzed by HPLC. The solubility 
of the drug was determined at least three times at each PVP concentration and the results are shown in Fig. 
1 (the mean values of three experiments ± the standard error of the mean). 

Fig. 1 shows that a maximum solubilization of hydrocortisone In aqueous 10% (w/v) HPpCD MS 0.6 sol- 
ution was obtained when 0.1 to 0.1 5% (w/v) PVP was present in the solution, and that the solubilization at the 

10 maximum was about 32% compared to aqueous 1 0% (w/v) HPpCD MS 0.6 solution containing no PVP. Similar 
results were obtained when other water-soluble polymers, e.g. carboxymethylcellulose and hydroxypropyl me- 
thylcellulose, were added to aqueous cyclodextrin solutions. Generally, a maximum solubilization was obtained 
when the polymer concentration was above 0.003% (w/v) but below 0.1 %, but this was dependent on the type 
of polymer added to the aqueous cyclodextrin solution, the chain length (or the molecular weight) of the poly- 

15 mer and the cyclodextrin concentration in the aqueous solution. 

The maximum effect is obtained at a very low polymer concentration before the polymer has any real effect 
on the viscosity of the solution. For example, the viscosity of a solution containing 10% or less PVP is essen- 
tially the same as that of water (Handbook of Pharmaceutical Excipients, American Pharmaceutical Associa- 
tion and the Pharmaceutical Society of Great Britain, Washington, 1986, pp. 234-239). Also, this increased 

20 solubilization (i.e. complexation) is a stable condition. The increased drug solubility frequently observed in vis- 
cous aqueous solutions, that is, formation of supersaturated drug solution, is an unstable condition which usu- 
ally returns to a stable condition (under precipitation of the drug) within a few hours from its formation (Uekama 
etal., J. Incl Phenomena, 1, 309-312, 1984). Thus, this Increased complexation In the presence of a very small 
amount of a water-soluble polymer is not directly related to increased viscosity of the aqueous solution. 

25 

Example 5 

Solubilities (S) of three drugs in four different solvents, i.e. (a) water (Si), (b) aqueous 0.25 % (w/v) sodium 
carboxymethylcellulose solution (CMC) (82). (c) aqueous solution of 10% (w/v) hydroxyethyl-p- cyclodextrin 
30 (HEpCD) of molar substitution (MS) = 0.6 (S3), and (d) aqueous solution containing both 0.25% (w/v) CMC and 
10% (w/v) HEpCD MS = 0.6 (S4), were determined as in Example 1 . The results in Table 4 show that the sol- 
ubilizing effect of HEpCD was increased by 32 to 53% (S4/S3 = 1 .32 to 1 .53) when 0.25% (w/v) CMC was present 
in the solution. 
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Example 6 



solubilities (S) of hydrocortisone in four different solvents, i.e. (a) water (S,). (b) aqueous 0.25% (w/v) hy- 
Tl =J5r(?;S, = 1 .1 «. 1.5) When 0.25* HPMC w» p»M« in .h. so,.>.on. 
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Example 7 
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Solubilities (S) of three drugs in four different solvents, i.e. (a) water (Si), (b) aqueous 0.25% (w/v) poly- 
vinylpyrrolidone solution (PVP) (S2), (c) aqueous solution of 10% (w/v) hydroxypropyl-p-cyclodextrin (HPpCD) 
55 of molar substitution (MS) = 0.7 (S3), and (d) aqueous solution containing both 0.25% (w/v) PVP and 1 0% (w/v) 
HPpCD MS = 0.7 (S4), was determined as In Example 1. The results in Table 6 show that the solubillzing effect 
of HPpCD was increased by 27 to 129% (S4/S3 = 1.27 to 2.29) when 0.25% (w/v) PVP was present in the sol- 
ution. 
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I also able to increase the solubilizing effect of HPpCD In aqueous ethanolic solutions. 
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Example 9 

55 The permeability through a semi- permeable membrane was investigated. Semipermeable cellophane 

membrane was placed in a Franz diffusion cell containing 10 ml aqueous 5% (w/v) HPpCD solution as the re- 
ceptor phase. The donor phase consisted of a suspension of approximately 3% (w/v) hydrocortisone in (a) aqu- 
eous 10% (w/v) hydroxy propyl-p-cyclodextrin (HPpCD) solution and (b) aqueous solution containing both 10% 
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(w/v) HPBCD and 0.25% (w/v) carboxymethyl-cellulose (CMC), prepared as described in Example 1. and 2 m 
Se donor phase applied to the membrane surface (area 3.1 cm^). The assembled diffusion cells were kept 
at room temperature (22±1oC) and samples (30 ^1) were removed from the donor phase every 10 rnmutes^p 
to ?Soul^. and analiJ^ed Immediately by HPLC. The results shown in Table 8 clearly .nd.cate that hydrocor- 
tisone is released faster from a suspension containing CMC than from suspension containing no CMC. 
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Example 10 

The effect of carboxymethylcellulose (CMC) on the release of hydrocortisone from tablets containing hy- 
drocortisone-HPpCD complex was investigated. 

5 The freeze-dried hydrocortisone-HPpCD complex was prepared by adding an excess of hydrocortisone 

to aqueous solution containing 50% (w/w) (about 58 % wAv) HPpCD and 0. 0.1 or 0.25% (w/v) CMC and heating 
the hydrocortisone suspensions formed for 20 minutes at 120'*C, After equilibration for 3 days at room tem- 
perature, the suspensions were filtered through 0.45 [im membrane filters, the filtrates were lyophilized and 
the solid which formed was ground with a mortar and pestle. The amount of hydrocortisone incorporated into 

10 the HPpCD complex was determined by HPLC. 

Individual disks of 200 mg hydrocortisone-HPpCD complex were compressed in a hydraulic press under 
vacuum and a force of IxW kg for 1.5 minutes using a 13 mm (diameter) IR potassium bromide pellet punch. 
The disks had a cross-sectional area of 1 .33 cm^. Each disk contained approximately 27 mg of hydrocortisone. 
The dissolution studies were carried out using a USP XXII described paddle apparatus for dissolution rate 

IS determination. The release rale was determined at 37±1 **C and 1 00 rpm by adding one tablet to 900 ml of water. 
Samples were withdrawn at various time intervals, filtered through 0.45 membrane filters and analyzed by 
HPLC. 

The results in Fig. 2 show that hydrocortisone dissolves significantly faster from tablets containing hydro- 
cprtisone-HPpCD complex prepared in the presence of CMC than from tablets prepared in the absence of 

20 CMC. The results shown in Fig. 2 are the average of four experiments. The dissolution tests were started at 
time zero. Three minutes later, 68.3% of the hydrocortisone had dissolved from tablets containing hydrocorti- 
sone-HPpCD complex formed without the addition of CMC, 74.2% of the hydrocortisone had dissolved from 
tablets containing hydrocortisone-HPpCD complex formed with the addition of 0.1% (w/v) CMC. and 81.0% 
of the hydrocortisone had dissolved from tablets containing hydrocortisone-HPpCD complex formed with the 

25 addition of 0.25% (w/v) CMC. 

Example 11 

Eye drops containing a carbonic anhydrase inhibitor, acetazolamide, were prepared the following way: Hy- 
30 droxypropyl methylcellulose (HPMC), 0.25% (w/v), was dissolved in distilled water and hydroxy propyl-p-cyclo- 
dextrin MS = 0.6, 20% (w/v), benzalkonium chloride [0.02% (w/v)] and the sodium salt of ethyl enediaminete- 
traacetic acid [EDTA, 0.1% (w/v)] were then dissolved in the aqueous HPMC solution. Finally, acetazolamide, 
1% (w/v). was added to this solution and dissolved by heating in an autoclave (120*'C for 20 min). The eye 
drop solution which formed was allowed to equilibrate at room temperature for one week. 
35 The topical activity of the carbonic anhydrase inhibitor eye drop solution was evaluated in conscious white 

New Zealand rabbits of either sex (2.5 to 3.5 kg). The intraocular pressure was recorded by a pneumatic ton- 
ometer without local anaesthesia. The eye drop solution (0.1 ml) was placed on the cornea of the right eye 
(the left eye was used as control) and the intraocular pressure was recorded at various time intervals (Fig. 3). 

40 Example 12 

Hydrocortisone mouthwash was prepared in the following way: HPpCD MS = 0.6 (3.5% (w/v)), peppermint 
oil (0.05% (w/v)), ethanol (12% (v/v)), CMC (0.5% (w/v)). benzalkonium chloride (0.02% (w/v)) and the sodium 
salt of ethylenediaminetetraacetic acid (0.1 % (w/v)) were dissolved in water and the solution was heated in a 
45 sealed container in an autoclave (120^C for 20 minutes). After equilibration to room temperature, hydrocorti- / 
sone (0.3% (w/v)) was dissolved in the cyclodextrin solution. 

The topical activity of the hydrocortisone mouthwash solution was evaluated as follows: Patients were se- 
lected on the basis of severe ulceration, causing considerable pain, discomfort inconvenience with work and 
the like. Normally the patients had unsuccessfully tried numerous other remedies such as gentian violet, chlor- 
50 hexidine. silver nitrate, hydrocortisone, and triamcinolone, from a variety of sources. Each patient washed 
his/her mouth with 5-10 ml of the hydrocortisone mouthwash three to four times a day and the results were 
evaluated after treatment for two weeks. The results are shown in Table 9. 
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so Quantitative analysis 

The quantitative deter-.r.ii.ations of the individual drugs v^ere \'^''%'^^'^-^}\^^^^^^ 
The (HPLC) component system consisting of a Milton Roy ConstaMetnc 3200 

performance liquid «hromatograph.c ("P^u) compo y ^^^^y^ wavelength detector 

solvent delWery sy ^em a Rheodyne7^25 ^ector. a Spec^ro Mo ^^^^^ ^^^^^^^^ 

" n^atiofoT:::^^^^^^ 

velength 225nm. Solvent ratios indicated refer to parts by volume. 
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Example 13 



To aqueous solutions containing 20% (wM 2-hydroxypropyl-p- cyclodex^m (HPpCD) of 
(MS) = 0 6 were added 0.25% (w/v) polyvinylpyrrolidone (PVP). 0.25% (w/v) sodmm carboxymethylceHulose 
CMC^ or 0 25% (w/v) hydroxypropyl methylcellulose (HPMC). The resultant solubons were heated in sealed 
^^nSu^r^toViX^ln^^^^ that temperature for 30 minutes, then were lyophilized. The solids thus 

Obtained were ground with a mortar and pestle. q dqo/ 

The solid cy dodextrinypolymer products were reconstituted with water to afford solutions containing 9.88 A 
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(w/v) HPpCD and 0.12% (w/v) PVP, 0.12% (w/v) or CMC 0.12% (w/v) HPMC. The solubilities (S) of three drugs 
in these solutions and in an aqueous solution containing 10% (wAr) HPpCD without added polymer were then 
determined as follows: 

An excess amount of each drug was added to each of the four cyclodextrin solutions and the solutions 
5 were sonicated in an ultrasonic bath for 3 hours, then allowed to equilibrate for 60 hours at room temperature 
(23°C). After equilibration, aliquots were filtered through 0.45mm membrane filters, diluted with a mixture of 
methanol and water and analyzed by an HPLC method. The results are set forth in Table 11 below, where Si 
is the solubility in aqueous solution containing 10% (w/v) HPpCD; S2 is the solubility in aqueous solution con* 
taining 9.88% (w/v) HPpCD and 0.12% (w/v) PVP; S3 is the solubility in aqueous solution containing 9.88% 
10 (w/v) HPpCD and 0.12% (w/v) CMC; and S4 is the solubility in aqueous solution containing 9.88% (w/v) HPpCD 
and 0.12% (w/v) HPMC. The results show that a solid polymer/cyclodextrin product can be prepared which has 
enhanced complexing abilities, and that the drug itself need not be heated to achieve enhancement. Never- 
theless, it is expected that a greater increase in solubility would be observed at higher polymer concentrations 
[e.g. 0.25% (w/v)]. and/or if the solutions were heated after addition of the drug. However, by separate prep- 
15 aration of the cydodextrin/polymer complexing agent as illustrated here, one can readily avoid heating drugs 
which are unstatrfe at elevated temperature. 
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mg/ml) 


9.80 


5.57 


16.47 
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7.00 


4.86 


12.88 










j Drug 


Carbamazepbe 


Econazole 


Hydrocortisone 



Exampie 14 

Solubilities (S) of various compounds were determined in eight different solvents, i.e. a) water (Si), b) aqu- 
eous 0 25% (w/v) sodium carboxymethylcellulose (CMC) solution (S2), c) aqueous 0.25% (w/v) polyvinyipyr- 
rolidone (PVP) solution (S3), d) aqueous 0.25% (w/v) hydroxypropyl methylcellulose (HPMC) solution (S4), e) 
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aqueous solution of 10% (w/v) 2-hydroxypropyl-p-cydodextrin (HPpCD) of molar substitution (MS) = 0.6 (Sg), 
0 aqueous solutions containing both 0.25% (w/v) CMC and 10% (w/v) HPpCD MS = 0.6 (Se). g) aqueous sol- 
utions containing both 0.25% (w/v) PVP and 10% (w/v) HPpCD MS = 0.6 (Sy), and h) aqueous solutions con- 
taining both 0.25% (w/v) HPMC and 10% (w/v) HPpCD MS = 0.6 (Sq). An excess amount of the compound to 

5 be tested was added to each solvent and the suspensions which formed were heated in sealed containers to 
120''C. The solubility of salicylic acid was determined in acidic (HCI) solution. The suspensions were kept at 
this temperature for 20 minutes and then allowed to equilibrate for 3 days at room temperature (approximately 
23**C). After equilibration, aliquots were filtered through 0.45 |im membrane filters, diluted with a mixture of 
methanol and water (7:3) and analyzed by a high pressure liquid chromatographic (HPLC) method. The results 

10 in Table 12 show that the solubilizing effect of HPpCD was increased by 2 to 134% (solubility ratio of 1.02 to 
2.34) when 0.25% polymer (CMC. PVP or HPMC) was present in the solution. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



31 



EP 0 579 435 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



.2^ 
2 t 

I § 

PI 

^ s 

n 

8 

3 

s 



c 
c 



Si 

to 

H o '-5 

li 

0 ^ 

§ a 
11 

J=> .s 

Ji 

52 3 

1 s . 

is 



l-l 


15.5 
(1.12) 


13.3 
(1.05) 


29.9 
(1,05) 


0.69 

(1.14) 1 


11.4 
(1.35) 


0.25 
(1.09) 


1 




OO ^ 


CO • 




VO 


O 




CO ^ 
XT CO 

— • ci 


4 

CO eb 
B 








CS OO 
O 


1 


o ^ 




4 


CO 


ci 


VO 
OO 

(N 


VO 
O 


VO 
od 


fO 

o 


VO 
O 


B 


OO 
<N 

C> 


<^ 


00 


O 

z 


VO 

CO 


o 


ro 
O 

C> 


-! 

CO ob 




o 


OO 


o 
z 


O 

CO 


o 

X 

wo 

OO 


m 
o 

o 


CO cb 


o 

CD 


o 


OO 


o 
z 


VO 

CO 


T 
o 

X 

oo 


s 

o 


c«| 


o 

o 


OO 


od 


o 
z 


ro 


o 


o 


Compound 


o 

wo 

13 1 

5 s 


v« 
O 

J= 

a. 

E 
cd 
U 


2 

Urn 

JO 

x: 
U 


s 

v2 

1 

o 
(J 


1 

■3 
2 


•2 
>* 

2 


c 

a> 
-C 
Q- 

2 

c 



55 



32 



EPO 579 435A1 



10 



15 



20 



25 



30 



35 



o 

\ 



40 



45 



50 





8.85 1 
(1.07) 1 


3.92 II 
(1.06) 


26.5 
(1.06) 




88 

as ;^ 








ON O 

o6 ^ 


CO ^ 






oo 

CM 

oo 




p 


4 


o 


1 






OS 

o 


■ 1 






cn 
O 


1 


CO 




OS 

o 


1 


OS 

CO 


Compound 


1 

1 


•a 

CO 


C 

1 
> 



o 



I 



■s 

■8 
s 

3 

8 



O 



o 

2 



55 



Example 15 

The effect of polyvinylpyrrolidone (PVP) on transdermal delivery of hydrocortisone from aqueous 2-hy- 
droxypropyl-p-cyclodextrin of molar substitution 0.6 (HPpCD MS 0.6) was Investigated in vitro. Female hairless 
mice were sacrificed by cervical dislocation. The whole dorsal skin was removed and placed carefully in a Franz 



33 



BNSDOCiD:<EP 0579435A1 I > 



EP 0 579 435 A1 



10 



IS 



20 



diffusion ceB containing 10 nH aqueous 5% (w/v) HPpCD MS 0.6 as the receptor phase. The donor phase con- 
sist of fsa^S hydrocortisone solution in (a) aqueous 8% (w/v) HPpCD MS 0.6 so.ut.on and (b) aqueous 
SSon inLining boih 6% (w/v) HPpCD MS 0.6 and 0.25% (wM PVP. prepared as descnbed ,n Exampl 1 
me a3ts o^^^^^^ and poiymer were seiected such that solutions (a) and (b) achieved equwalent 

K^^bmrg of thelug.]. 2 Ml of the donor phase was applied to the skin surface (area ^ ^ <="^ JJ« d^fi^^^^^ 
Sus wSe kept at constant temperature circulating 37»C water from a constant temperature water bath and 
2mpre?(500 um were removed at various time intervals, up to three days, from the donor phase and ana yzed 
S7Se rTsuTts in Table 13 clearly show that transdermal delivery of hydrocortisone was overtwo t.mes 
faster from the PVP-containing sample. 



Table 13 



The concentration of a saturated solution (C) and the flux (F) of 
hydrocortisone through hairless mouse skin from HPpCS MS 0.6 containing 
vehicles. Each experiment was repeated 4 times and the results are the 
mean ± standard deviation. 



Vehicle composition 


C (mg/mD 


F (Min/cm^/h) 


Aqueous 8% (w/v) HP/3CD MS 
0.6 solution 


10.9 


0.075 ±0.023 


Aqueous solution containing both 
6% (w/v) HPfiCD MS 0.6 and 
0.25% (w/v) PVP 


10.6 


0.158 ±0.035 



45 Example 16 

Solubilities (S) of hydrocortisone in aqueous solutions containing four different cydodextrins (CDs) i.e. 
hvdroxvell!w^^lcyclodextrin (HEpCD) with molar substitution (MS) 0.6. methyl-Mydodextr.n (MPCD) w.th de- 
S^e'i^S lEn 1^^^^^^^^ glucosyl-a-cydodextrin (Glucosyl-aCD) monosubsfrtuted glucosyl- 

50 Cdode^MGlucos;i-pCD). monosubstituted maltosyl-a-cyclodextrin (Maltosyl-«CD). or monosubstrtuted 
n^JosTrcIdodextrin (Maltosyl-pCD). with and without 0.25% (w/v) polymer, i.e. sodium carboxymethylcel- 
J^SK Xi^^^^^^ (PVP) or hydroxypropyl methyicellulose (HMC). were determmed as .n Ex- 

aS 1 Th^Su^s in Table 14 show tiat the polymers increased the solubilizing effect of the CD denvafves 
by 8 to 100% (SJS^ = 1 -08 to 2.00) when 0.25% polymer was present in the solution. 
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Example 17 



The effect of polyvinylpyrrolidone (PVP) on the enthalpy (AH) and the entropy (AS) of the stability constant 
(Kc) of the drug-cyclodextrin complex was determined. The phase-solubility diagrams of hydrocortisone, 17p- 
estradiol and acetazolamide in aqueous 2-hydroxypropyl-p-cycIodextrin (HPpCD) of molar substitution' (MS) 
0.6. or aqueous 2-hydroxypropyl-a-cyclodextrin (HPaCD) MS 0.6 solutions, containing from 0 to 0.5% (w/v) 
PVR were determined and the stability constant (KJ was calculated for the complex from the slope (see Ex- 
ample 4). 
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An excess amount of the drug was added to water containing 0. 0.1. 0.25 or 0.5% (w/v) PVP and vanous 
an^^ntJ oTHPBCDTHPaCD. The suspensions whl^ 

krat^h^U^S^i^ f^^ mim.tes' After equilibration for at least seven days at 6 20. 30 40 and 50»C 
aSoL of thTTspensions were removed from the containers and each aliquot was filtered through a 0.45 
m mP^brane filter and analyzed by HPLC. KcWas calculated at each temperature and AH and AS were cal- 
Sated as deLri^^^^^^ J- Swarbrick and A. Cammarata: Physical Pharmacy: The Physics, Chemical 

pl^XlTsfnthTp^^^ sciences. Third Edition. Lea & Febiger. Philadelphia. 1983. Chapter 13. pp. 



314-348. 

The results are shown in Tables IS-IB below. 



Table 15 



15 1>he effect of PVP on AH and AS for the stabiUty constant (KJ of the 

acetazolamide-HP^CD MS 0.6 complex. 



PVP concentration 
(% w/t) 


AH (kj mol*^) 


AS a mor*K-b 


0.00 


-18.4 


-26.0 


0.10 


-25.8 


-49.6 


0.25 


-24.8 


-46.2 


0.50 


-25.8 


-49.8 



Tahle 16 

35 

The effect of PVP on AH and AS for the stability constant (K^) of the 
<o hydrocortisone-HPaCD MS 0.6 complex. 



1 PVP concentration 
1 (% w/y) 


AH (kJ moVh 


AS (J moK^K-^) 1 


1 0.00 


-32.1 


-70.2 1 




-39.3 


-94.5 1 


1 ^'^^ 


-48.4 


-124.2 1 


1 0.50 


-35.7 


-81.9 1 
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The effect of PVP on AH and AS for the stability constant (K^ of the 
hydrocortisone-HP/SCD MS 0.6 complex. 



10 


PVP concentration 
(% w/v) 


AH (kj mol*^) 


AS a mor^K-*) 




0.00 


-20.4 


-6.2 


15 


0.10 


-41.0 


-68.6 




0.25 


-36.5 


-56.4 


20 
25 


0.50 


-38.8 


-64.9 




Table 18 




30 


The effect of PVP on AH and AS for the stability constant (K^) of the 
l7i5-estradiol-HP/3CD MS 0.6 complex. 


35 


PVP concentration - 
(% w/v) 


AH (kJ mol*^) 


AS a mor^K"*) 




0.00 


-71.1 


-151 


40 


0.10 


-75.3 


-166 




0.25 


-89.5 


-213 




0.50 


-81.2 


-185 
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It has been shown that AH and AS generally become more negative as the stability constant for molecular 
complexallon Increases (A. Martin, J. Swarbrick and A. Cammarata: Physical Pharmacy: The Physical Chem- 
ical Principles in the Pharmaceutical Sciences, Third Edition, Lea & Febiger, Philadelphia. 1983, Chapter 13, 
pp. 314-348). As the binding between the drug and the cyclodextrin becomes stronger, AH would be expected 
to have a larger negative value. Apparently, PVP increases the structural restraint of the complex in the aqu- 
eous solution, leading to a larger negative AS value. These thermodynamic changes indicate that the water- 
soluble PVP polymer participates directly in the complex formation. 

While the invention has been described in terms of various preferred embodiments, the skilled artisan will 
appreciate that various modifications, substitutions, omissions and changes may be made without departing 
from the spirit thereof. Accordingly, it is intended that the scope of the present invention be limited solely by 
the scope of the following claims, including equivalents thereof. 
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Claims 



10 



15 



2. 



and/or after the drug is added, optionally followed by removal of water. 

.u- ^«.„niovatinn of cvdodextrin with a lipophilic and/or water-labile cosmetic 

"°L';^h^^rrJS?»t«u1^s mJ„". .1.1* w^., the p.lyn™« .nd ccodexuln be ng 
or agrochemioal le ™ J™" - 



of water. 



3 A method for solubilizing and/or stabilizing a lipophilic and/or water-labile drug in an 7;^!"";; 

[r^s«*p— ^^^^^^^^^ 

to about 100 hours before, during and/or after the drug is added. 

4 A method for solubilizing and/or stabflizing a lipophilic and/or water-labile 

^ clctodS^ndSrbout 0 001 to about 50/0 (weight/volume) of a water-soluble polymer acceptab e 

5 Aco-complex of a lipophilic and/or water-labile drug, cosmetic additive, food additive or ^grochemicalwith 

^ 100:1 to about 10,000:1. 

' reTr^'prpCe~Se*g , ,*«ph.,c «..«-..». «»K ,„ .n 

(a) a drug compie;. p h j (weight/volume) of cyclodextrin and from 

and/or after the drug is added, optionally followed by removal of water and 
so (b) a non-toxic, pharmaceutically acceptable carrier therefor. 



7. 



55 



llLZ^oBlm^e or food addiUve with cyclodextrin in an aqueous medium comprising from abou 
n ?r«370%St/vt!ume) of cyclodextrin and from about 0.001 to about 5% (weight/volume) 
JiVltrsoLbfe Ser ^^pta^^ for use in cosmetics or foods, the polymer and cyclodextnn be.ng 
IsrviTn he apu^^^^ before the cosmetto additive or food additive is added the aqueous 

me^r^ wWch comprises the polyrr^er and cyclodextrin being maintained at from about 30 to about 



38 



■yCXUn <FP f«7<M3SA1 I > 



EP 0 579 435 A1 



150°Cfora period of from about 0.1 to about 100 hours before, during and/or after the cosmetic additive 
or food additive Is added, optionally followed by removal of water; and 
(b) a non-toxic carri r acceptable for use In cosmetics or foods. 

8. An agricultural composition comprising: 

(a) an agrochemicai complex prepared by compiexing a lipophilic and/or water-labile agrochemical with 
cyciodextrin in an aqueous medium comprising from about 0.1 to about 70% (weight/volume) of cyclo- 
dextrin and from about 0.001 to 5% (weight/volume) of an agriculturally acceptable water-soluble poly- 
mer, the polymer and cyciodextrin being dissolved in the aqueous medium before the agrochemical is 
added, the aqueous medium which comprises the polymer and cyciodextrin being maintained at from 
about 30 to about ISO^'C for a period of from about 0.1 to about 100 hours before, during and/or after 
the agrochemical is added, optionally followed by removal of water; and 

(b) a non-toxic, agriculturally acceptable carrier therefor. 

9. A composition comprising: 

(a) a co-complex of a lipophilic and/or water-labile drug, cosmetic additive, food additive or agrochem- 
ical with a cyciodextrin and a pharmaceutically acceptable, pharmacologically inactive, water-soluble 
polymer, the ratio by weight of cyciodextrin to polymer being from about 4:1 to about 50,000:1, prefer- 
ably from about 100:1 to 10,000:1; and 

(b) a non-toxic, pharmaceutically acceptable carrier therefor. 

10. A compiexing agent for use in solubilizing and/or stabilizing a lipophilic and/or water-labile drug, cosmetic 
additive, food additive or agrochemical, said compiexing agent comprising a cyciodextrin and a pharma- 
ceutically acceptable, pharmacologically inactive, water-soluble polymer, the ratio by weight of cyciodex- 
trin to polymer being from about 4:1 to about 50,000:1 , preferably from about 100:1 to 10,000:1 , said conr>- 
plexing agent being formed by heating the cyciodextrin and polymer in an aqueous medium at from at)Out 
30 to about 150*'C for a period of from about 0.1 to about 100 hours. 

11. A method according to any one of Claims 1 to 4 or a composition according to any one of Claims 6 to 9, 
wherein the amount of water-soluble polymer is from about 0.01 to about 0.5% (weight/volume). 

12. A method, co-complex, composition or compiexing agent according to any one of the preceding claims, 
wherein the cyciodextrin comprises at least one member selected from the group consisting of hydroxy- 
propyl, hydroxyethyl, di hydroxy propyl, glucosyl and maltosyl derivatives ofa,p-and y-cyclodextrin, espe- 
cially when the cyciodextrin has a molar degree of substitution of from about 0.05 to about 1 0. 

13. A method, co-complex, composition or compiexing agent according to any one of the preceding claims, 
wherein the water-soluble polymer is a cellulose derivative, a natural polysaccharide or polypeptide, or a 
synthetic polymer which is a polyvinyl polymer or a copolymer of acrylic acid. 

14. A method, co-complex, composition or compiexing agent according to Claim 1 3, wherein the cellulose der- 
ivative is melhyicellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, hydroxypropyl methylcellu- 
lose, hydroxyethyl methylcellulose, hydroxypropyl ethylcellulose, hydroxyethyl ethyl cellulose or sodium 
carboxymethylcellulose; wherein the polysaccharide is inulin, pectin, sodium, alginate or agar; wherein 
the polypeptide is casein or gelatin; wherein the polyvinyl polymer is polyvinyl alcohol, polyvinylpyrroli- 
done or polystyrene sulfonate; or wherein the copolymer of acrylic acid is carbomer. 

15. A method, co-complex, composition or compiexing agent according to Claim 1 3, wherein the water-soluble 
polymer is hydroxypropyl methylcellulose, sodium cart>oxymethyl cellulose or polyvinylpyrrolidone. 

16. A method according to Claim 1 or 3, a co-complex according to Claim 5 or a composition according to 
Claim 6 or 9, wherein the drug is a carbonic anhydrase inhibitor, p-adrenergic blocking agent, steroid, sed- 
ative, tranquilizer, anticonvulsant, antidepressant, antipsychotic, hypnotic, muscle relaxant, antispasmod- 
ic, anticoagulant, cardiotonic, vasodilator, vasoconstrictor, platelet inhibitor, anti-arrhythmic, antihyperten- 
sive, antifungal, antiprotozoal, antibacterial, antibiotic, a nti- infective, antiviral, anthelmintic, antineoplastic, 
vitamin, emetic, antiemetic, diuretic, non-steroidal analgesic or anti-Inflammatory agent, anesthetic, hy- 
poglycemic, radiodiagnostic, antihistaminic, serotonin antagonist, H2-antagonist, narcotic antagonist, nar- 
cotic agonist, mixed narcotic agonist-antagonist, pharmacologically active protein, dopaminergic/anti- 
Parkinsonrsm agent or agent for treating Alzheimer's disease. 
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17 Amethod. co-complex or composition according to Claim 16. wherein the steroid is an androgen, estrogen, 
progestin.' diuretic, anabolic agent, anesthetic or glucocorticoid. 

18. A method, co-complex or composition according to Claim 16. wher . in the drug is acetazolamide. chlor- 
zolamide. ethoxzolamide. methazolamide. timolol, atenolol, carbamazepine. phenytom. ketocooazole. 
itraconazole, metronidazole benzoate. flubendazole. wvtrimoxazole. miconazole, carmustme chloram- 
bucil doxorubicin, lomustine. melphalan. methotrexate, dicumarol. nitroglycerin, flunanzme alprostad.1. 
prostacyclin, digitoxin. digoxin. aspirin, apomorphine. famotidine, furosemide. flubiprofen. .buprofen. .n- 
Sor^e^hacin piroxicam. lidocaine. sulindac. pentobarbital, phenobarbital. secobarbital, ch 0rd.a2ep0x.de. 
diazepam, medazepam. oxazepam, lorazepam. f lunitrazepam. estazolam. flurazepam. loprazolam. lor- 
metazepam. nitrazepam, quazepam. temazepam or triazolam. 

19. A method, co-complex or composition according to Claim 17. wherein the drug is hydrocortisone, dexa- 
methasone prednisolone. 17p-estradiol, 17a-ethinylestradiol. ethinylestradiol 3-methyl ether, estnol. 
norethindrone. norethindrone acetate, norgestrel. ethisterone. methoxyprogesterone acetate progester- 
one. 17-methyltestosterone, triamcinolone, triamcinolone acetonide. testosterone, spironolactone or al- 
faxalone. 

20 A method according to Claim 1 or 3. a co-complex according to Claim 5 or a composition according to 
' Claim 6 or 9. wherein the drug is the reduced, biooxidizable. blood-brain barner penetiabng. I.poidal dK 
hydropyridine form of a dihydropyridine ^ pyrklinium salt redox system for brain-targeted drug dehvery. 
oreferaWy wherein the dihydropyridine form is a compound of the formula 

[D-DHC] 

wherein [D] is a centrally acting drug species and [DHC] is the reduced, biooxidizable blood-brain barrier 
penetraUng. lipoidal form of a dihydropyridine ^ pyridinium salt redox carrier, especally when the centrally 
acting drug species is dopamine, testosterone, phenytoin. GABA valproic acid, tyrosine, meth.cill.n. ox- 
acillin benzylpenicillin. doxacillin, dicloxacillin. desipramine. acyclovir, trrfluorothymid.ne, zrfovudine hy- 
droxv-CCNU chlorambucil, tryptamine. dexamethasone. hydrocortisone, ethinyl estradiol, noreth.n- 
drone, estradiol, ethisterone. norgestrel. estrone, estradiol 3-methyl ether, estradiol benzoate. norethy- 
nodrel. mestranol. indomethacin, naproxen. FENU. HENU or 5-FU. 

A method, co-complex or composition according to any one of Claims 16-20. wherein the cyclodextrin is 
as defined in Claim 12 and the polymer is as defined in any one of Claims 13 to 15. especially when the 
cyclodextrin is hydroxypropyl-p-cyclodextrln or hydroxypropyl-y-cyclodextrin. the polymer is hydroxypro- 
pyl methylcellulose. sodium carboxymethylcellulose or polyvinylpyrrolidone and the drug .s a carbonc 
anhydrase inhibitor or a steroid. 

A composition according to Claim 6. 9 or 11. wherein all ingredients are ophthalmically acceptable, and 
wherein the drug is a carbonic anhydrase inhibitor or a steroid, the polymer is hydroxypropyl methylcel- 
lulose. sodium carboxymethylcellulose or polyvinylpyrrolidone and the cyclodextrin is hydroxypropyl-p- 
cyclodextrin or hydroxypropyl-y-cyclodextrin. 

Acomoosition according to Claim 6. 9 or 11 . wherein all ingredients are acceptable for use in a mouthwash, 
and wherein the drug is a steroid, the polymer is hydroxypropyl methylcellulose. sodium carboxymethyl- 
cellulose or polyvinylpyrrolidone and the cyclodextrin is hydroxypropyl-p-cyclodextrin or hydroxypropyl- 
y-cyclodextrin. 

24 A method according to Claim 2 or 4. a co-complex according to Claim 5 or a composition according to 
Claim 7 8 or 9. wherein the food or cosmetic additive is a flavoring agent or fragrance, preservative, an- 
tioxidant, sweetening agent, coloring agent or vitamin, or wherein the agrochemlcal is a fungic.de. herbn 
cide or plant growth regulator, or an insecticide, nematocide or other pesticide. 



21. 



22. 



23. 
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% (*/v) PVP 
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TIME (min) 
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